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@ Boronic ester synthesis. 

^ Stable o-substHufed boronic esters, e for use In peptide synthesis, are prepared by reacting a 
substituted alkene of the fommila : 




with a disubstttuted borane of the fonrala 
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wherein : 

(i) and are each selected from various groups which are preferably not leaving groups ; 

(ii) X is halogen or other leaving group ; 
{111) Y is H or lower alky! ; 

(iv) Qi and Q2 are each selected from various groups which are preferably such that the borane is 
non-hydrolyzable. and particularly and Q2 together may represent a residue of a diol such as catechol 
or pinanediolp 



LU 



Jouve. 18, me Saint-Denis, 75001 PARIS 



I 



eP0599S33A1 

This Invention relates to the synthesis of boronlc esters* more particularly the synth^s of a-substltuted 
boronlc esters. 

a-subslltuted boronic esters such as a-halo boponto esters are highly promising and useful Intermediates 
in a variety of organic syntheses. They are espec^ly valuable in the synthesis of a-amino boronlc esters, as 
5 described in Tetfahedroh Lett. 1992, 33. 4209^212. S. Elgendy, J. Deadman, G. Palel, D. Green. Chlno, 
a Goodwin, M,R Scully, W Kakl<ar and G. Claeson. These compounds are also useful In the synthesis of 
peptides, for example as described In published International Patent Application No. WO ^2/07869. 

A review of uses of a-halo boronic esters Is given In Chem. Rev., 1989, 89, 1 535-1551, Matteson. 
Hitherto in the literature only two ntethods have been reported for the direct synthesis of a-halo boronic 
10 esters via hydroboratlon, as described In J. Am, Chem. Soc, 1968, 90, 291 5, H.C. Brown and R,L Sharp. 

Rrstly, as disclosed in US Patent No. 3093674 (W. H. Schecbter), (MeOhBCHCJCHzCf has been synthe- 
sized by the reaction of {MeOjaBH vwth E-1 ,2-dichloroelhen©. The product obtained from the hydroli^ls hovif- 
ever was contaminated with boric add, which Is corrosive and difficult to remove and therefore reduces the 
usefidness of the prepared ester in subsequent applications, particularly h peptide synthesis. 
15 Secondly, as disclosed in J. Am. Chenu Soa, 1968, 90 6269-6260. DJ. Pasto, J. Hickman, T-C Cheng, 
an alternative method which has been used to prepare a-halo boronic acids Is the hydroboratlon of 1-chtoro- 
2-m8thyl propene with an equivalent of borane foflowed by hydrolysis, which yielded (1-chloro-2-methyi propyl) 
boronlc add. However, If the hydroboratlon mixture was aflowed to stand in THF at room temperature for sev- 
eral hours or If excess BH3. were added, the intermediate a-substltuted borane rearranged to isobutyl chloro 
2Q borane. These reactions are illustrated by the following reaction scheme: 



BH3 \ yB(oa) 
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In EP-A-0212708 there are described spedal catalysts containing rhodium or ruthenium wWch are useful In 
the hydroboratlon (by catecholborane) of various unsaturated hydrocarbon species such as aikenes arxl al- 
kynes. However, this disclosure Is limited to the hydrobwallon of unsaturated compounds which are ur^ub* 
40 stitued. 

Suiprisingly, we have now found a novel preparative route to stable a-substituted boronic esters, which 
solves or at least ameliorates the disadvantages of the prior art preparation methods of these compounds. 

Accordingly, in a first aspect the present Invention provides a process for preparing a compound of the 
formula 

45 




comprising reacting a substituted alkene of the formula 
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with a disubstituled borane of the forinula 




wherein: 

IS (i) and are the same or different and are each independently selected from any of the following 
groups: 

(aHCH2)„G^ 
(bHCH2)hAr 

(c) -(CH2)„G2Ar 

20 - where is H. halogen, amlno^ amldino» Imida^le. guanldino or isothioureido; 6^ Is a linking 

group derived from an amino, amidino. Imidazole, guanidino or isothfbureido residue; n in any one or 
all of (a), (b) and (c) above Is an integer of from 0 to 5, preferably from 0 or 1 to 4; Ar is phenyl* thienyt, 
pyridyi, naphthyt, thlonaphthyl» quinoiyl. chromenyl. indolyl or whoify or partially (especially in the het- 
erocyclic moiety, if preeeni) saturated groups corfiesponding to any of these, any of the foregoing 

2S groups being optionally substituted with up to 8, preferably up to 5, possibly up to 3, groups selected 

from CrCa atkyi and OrOy alkoxy and optbnaliy being bonded to G through a sulphonyl group; 

(d) CrC0 alkyi; 

(e) C^Cio aryl or alkv^aryl 

- where any of said atkyl» aryl or atkylaryl groups are optionally substituted with up to 3 groups 
30 selected from -OH and Ct-C4 alkoxy; 

or and R^ are as defined above but are linked together to form a cydEc structure; 

(ii) X is halogen* preferably CI, Br, I or F. or other nucleofuge; 

(iii) Y is H or an alkyl. prefarabiy 0^04 alkyI, group; and 

()v) and are the same or different and are each Independently selected from any of the following 

35 groups: 

- halogen; -OZ^; -NZ^Z^; where Z» and are the same or different and are each Independently se- 
lected from Ct-Cio alkyl, C5 or Ce aryl or Ce-Cto alkylaryt; 
or and Q2 taken together represent a residue of a diol, eg* catechol, pinacol, pinanedtol, or dithlol» eg. etha- 
nedlthlol. 

40 In certain embodiments of the above process, the Identities of and R? may be such that neither is a 
leaving group, so that there Is sUe-specIf ic addition of the borane at the 2-position on the alkene. Thus. In 
such embodiments, when R1 or R2 Is -(Cl^2)nG an^J G halogen or optk)nally some other leaving group, then 
nisnotO..-: ^ ■ ■■ • • •ri."-/: -•■ ' ■'■ 

It may be preferred in certain embodiments that the groups Q} and are such that the di$ul3Stituted boC" 

45 ane Is a non-t^rolysabte borane, for example certain of those possibilities mentioned above such as Qi and 
Q2 together being a cateclio! or a pinanediol residue. • •= • ' : ' 

The above reaction may be readily carried out in the absence of any additional solvent, though ft may if 
desired be carried out in a medium consisting of or comprising an inert solvent, preferably an organic solvent, 
such as hexane. THF, benzene, toluene, various ethers and other simitar solvents known in the art. 

50 . Generally the reaction takes place readily at elevated temperatures such as in the range of about 40 to 
about 1 20**C, more preferably In the range of from about 60 to about 11 0'^C, even mora preferably In the region 
of about BO°a The reaction time may be selected as necessary to achieve the desired product yield, and may 
depend on other reaction parameters such as temperature. By way of example however, reactton times of a 
few hours up lo several, eg. 24 or even 48 hours or more* may be typical. As a general rule, however, the re- 

55 action temperature and duratbn should not be such thai there Is any or any substantial decomposition of the 
reactants or product 

Advantageously, the reaction may be carried out whilst irradiating the reacting mixture with ultrasound, 
in order to Induce a faster rate of reactk>n. 
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In alternative embodiments of the process of the Invention, the above reaction may be readily carried out 
in accordance with the methods disclosed In and using the spedal rhodium or ruthenium-based catalysts de- 
scribed In. EP-A-021270B mentioned above, the disdosure of whteh document Is Incorporated herein by ref- 
erence. 

Typically, in such catalysed reactbns the substituted alkene defined above is reacted with catechol bora ne 
In an organic solvent (such as those mentioned above) preferably at room temperature (eg. from 15 to 25^*0, 
though temperatures betVi^een about 0^*0 and 40*^0 are possible), In the presence of the catalyst^ which is a 
complex of any of the following formulae: 

RhCI(CO)JE(C6H5)333-x 
wherein E Is arsenic or phosphorus and x Is 0 or 1, 

(10 IRhCI(a!kene)2]2 

(10) HC6H6>3PJ3 Ru(CO)aH or 

(iv) [(CeHa)3p]3 RuClj. 

The a^substltuted boronic esters prepared by the above methods are useful for example as intermediates 
in the preparation of other boron-containing compounds such as a-amino boronic esters, as referred to here** 
Inabove. The esters may also be useful in the synthesis of peptides, including for example certain of those 
disdosed in WO 92/07869 referred to above, the disdosure of which pubticatton is Incorporated herein by ref- 
erence. In particular, especially useful Intermediates derived from the a-substituted boronic esters prepared 
In accordance with the present invention are o-substltuted boronic acids. 

Accordingly, in a second aspect the present invention provides a process for preparing an a-substituted 
boronic acid, comprising: 

(i) preparing an a-substltuted boronic ester in accordance with the first aspect of the Inventbn; and 
(It) hydrolysing the (^oduct of step (I) to form an a-substltuted boronic add of the formula 



wherein R^ R2, X and Y are as defined above. 

The Invention will now be illustrated by way df example only by the following Examples. 

EXAMPLES - - ■— ^ . ... . , . ^ . . . „_ ■ - - ..... ". — 

Method A- iSydroboratlon of l-halo-l-alkenes (no catalyst) 

Experimental procedures 

Conventional procedures for the manipulation of boron reagents were followed, as are Imown In the ort 
Reactions involving the production of air and water sensitive compounds were carried out under a static pres- 
sure of aigon or nitrogen directly frohn the cylinder through a glass line connected via a three^flray tap to a 
vacuum pump. The preparation and purification of reagents for use in these reactions of organoboron com- 
pounds were carried out in accordance vi/ith walllmown techniques. 

: All glassware, syringes, and needles were oven^iried at 140°C for several hours. The giasswam was as- 
sembled hot and cooled under a stream of dry nitrogen or argon Introduced via hypodermic needles biserted 
through serum capped Inlets with outlets protected by inert oil bubblers. Manipulation of liquids was carried 
out under an mert atmosphere, using syringes and double-ended needle techniques. Syringes were assembled 
and fitted with needles while hot and then cooled as assembled units. Unless otherwise stated, the apparatus 
for reactions at below room temperature consisted of a septum capped flask and a coated magnetic follower 
to enable stirring of the reaction mixture via an external magnetic stirrer. A bleed needle to the argon line viras 
inserted through the cap to allow for any changes in the pressure within the vessel during reaction. Apparatus 
for reactions at elevated temperatunes consisted of a two-necked round-bottomed flask; one neck equipped 
with a septum capped tap adaptor, the othervrith a septum cappedref lux doWdgnser caffyirrg^ hiliitsggn bleedr 
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Preparations 

Catecholborane (69, 50 mmol) was added dropwise to the l^halo^l-alkene (50 mmoi). The reaction mixture 
was fieated under reflux under argon and monibred by the disappearance of the oiefinfc protons in the proton 
5 NMR* The a-hatoboronic ester was obtained by dtstniatlcvi at 90-120''C/0.05 mmHg fti 59-63% yields. 

(+)Plnanedlol 1-halo alkaneboronlc esters were prepared by adding one equJvalentof the catecholboronic 
ester to a solution of {+)-pinanedlol In THF. 

The reaction mature was left stirring at room temperature for two hours. The solvent was removed under 
vacuum and the residue was purified on a column of silica get (230-400 mesh). Elutlon with hexane gives the 
10 desired products as colourless oils in 85-90% yield. 

Example 1 

(■*•) Plnanediol-1-bromo propane boronate 
IS Catechoitjorane (SOnmot) was added dropwise to l-bromo-1-propene at 80^C. After refluxing the reaction 
mixture under nitrogen for 24h, the resulting crude product was treated with a solution of (+) pinanediol 
(SOnvnoli 8*5g} in THF (20ml) and the reaction mixture was stirred under nitrogen at room temperature for a 
further 2 hours. 

Sdvent was removed under vacuurrt, the resulting crude product was placed on a column of silica gel (230- 
20 400 mesh), elufed with hexane to give the desired product as a colourless oil in 76% yield. 



25 




Br 



m/2 302 (M+H); 6b 31 13; 6h4.34-4.39 (1H, m, H-2), 3.27-3.35(1H, m, H-l*), 2.31-2.45(1K m, H-3). 
2.3(1H, m, H-7)2.09(1H, t, J=5Hz, H-8), 1.91-.2,09(2H. H, H Z) 1.81-1.91(1H. m, H-4). 1B9-18(1H, m, H-3)» 
141(3H» s. H-10), 1,29{3H, H-9), 1 1(3H, t, J=7Hz, H-3'). 0.8-1.01(1H, m, H-7), 0.85-(3H,5, H-8);8c» 86.38(0- 
1), 78.S{C-2), 51,2(0-6), 39.48(0-4), 38.22(0-5), 35.3(0-3). 28.37(0-10), 27.6(0-2*). 26.9(0-9), 26.2(0-7), 
35 23.94(0-8), 13.41(0-3*). 

Example 2 

(^) Plnanedlol-1-bromo 2-methyl propane boronate 
40 Oatechol-1-bromo 2-methyl propane boronate was prepared by refluxing the catecholborane with one 

equivalent of 1-bromo-2-methyl propene at 60°O for 4 hours. The catechdboronlc ester product was obtained 

by distillation of the reaction mixture at 120'C/1mmHg In 82% yield. 

The title compound was prepared by adding one equivalent of the catechol boronic ester to a solution of 

{*) pinanedlol in THF. The reaction mixture was left stirring at room temperature for 2 hours. The solvent was 
45 removed and the residue was ^*f led on a column of silica gel, eluted with hexane to ^ve the title compound 

as a colourless oil in 80% overall yield. 
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Catechol 1-&roini>«2>inethylpropy)boronat8 

m/z 256 (M+H); 5b 32.79; 6„ 7.02.7.28 (4H. m. Ph). 3.65(1H» d, J=7.2Ha H-1'), 2.09-2.35(1 H, m, H-2'), 
1,11-1.19(6H, q, H-3' & H-4*); 5c 147.69(01), 123.16(02), 112.85(03), 31,7(02'). 21.38(03' & 04'). 
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IS (4') Pinanediol 1-broino*2-methylpropylboronata 

m/z 316 (M+H); Sb 31.02; Sh 4.34-4.39 (1H, m. H-2), 3.41(1H, dd, J=8Hz & 1.3Hz, H-r), 2^3.Z24(1H» 
m, H'2*), 2,17-2,3(1H. m, H-3). 2.0B-2.15(1H. m, H.7). 2.05(1H, t J-SHz, H-6), 1^8.1.99(1H. m, H-4), 1>55* ( 
1.B(1H, H-3), 1.4(3H s. H-10), 1^{3H, H-9), 1,03-1.11 (6H, m. H-3* & H-4'), 0-9-1.1(1H. m. H-7), 0.85(3H, v. 
20 s, H-8); fic 8B.38(01), 78.3(02), 5127(06), 39.57(04), 38.3(05), 35.44(C-3), 31.62(02'), 28,44(010). 
27.01 (09), 2B.2(07), 24.02(C-8). 21 ^2(C-4*), 21 .26(03'). 

Example 3 

25 {^) Pinanediol>1-bromo 2-phenyt ethane boronate 

Catechol-1-bFomO"2-phenyl ethane boronate was prepared by irradiating the catecholborane and one 
equivalent of a-bromostyrene wfth ultrasound at 50°O60**C for two tiours, then, the reaction mixture was l^t 
stirring under nitrogen at 60^C for 18 hours. 

A solution of (-f )pinanediof (one equivalent) in THF was added at room temperature and the reaction was 
30 stirred for further two hours. The solvent was renrK>ved and the unreacted starting material was removed by 
distillatbn at 4O''C/0.O5 mmHg. The residue was placed on a column of silica gel and eluted with hexane to 
give the desired product as a colourless oil in 59% yield. 



35 
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45 m/z 302 (M4^NH4); 6b 31 .80; 6h 7-02-7-42 (5H, m, Ph), 4.19^.31(1H, m, H-2), 3,47-3.56(1 H. m. H-1"). 

3.1-3,32(2H, m, H-2'), ^2-2.35(lH, m. H-3), 2.05-2.2{lH, m, H-7), Z12(1H, t, J=5Hz, H-6), 1.71-1.95(1H. m. 
H-4). 17-1.75(1H. m. H-3). 1.32{3H. s, H-10). 1.24(3H, s, H-9). 0.95-1.04(1H, m. H-7). 0.78(3H, s. H-8); 6c 
139.1(03'), 129.17(05'), 128.24(04'), 126.08(06'). 86.45(01). 78.32(02). 51.23(06), 40.67(02'). 
39.23(04). 38.21(05), 35.16(03). 28^7(010), 27.09(09), 26,37(07), 23.96(08). 

SO 

Example 4 

W Plnanedlo! 1.3-dlchioro propylboronate 

The named product was prepared by analc^ous methods as described in Examples 1 to 3, but using 1,3- 
55 dichloropropene as the starting alkene and contimjlng the reftuxing for 24 hours, to give the desired product 
— Tn79%y1eld: — " = ' — 



.3 .... 
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10 mfz 308 (M+H); 8a 31.44; Sh 4.2^.39 {1H, m, H-2), 3.71-3.77{2H, m, H-3*), 3.54(1H, t, J=6H2. H-1'). 

2.35-2.41{1H, m, H-3), 2^5-2.32(2H, m, H-2'). 2.2-Z25(1H, m. H-7), 2.08(18, t, J=5Hz, H-G). 1.93-199(1H. 
m, H-4). 1,9M.93(1H» m, H-3). 1.42(3H, s, H-10), 1.3(3H, s. H'9). 1.01-'1,22{1H. m, 0.84(3H. s. H-8); 6c 
87.05(01), 78.74(C-2). 51.31(0-6), 42.12(0-3'), 39.37{C-4), 38.27{C-5), 36^5(C-2'), 35.23(03), 28.40(0 
10), 27,04(09). 26.5{07), 23.94{C^). 

IS 

Example 5 



(+) Pinanedid 1-chlofO-2-methyt propylboronatB 

Example 2 was repeated but using 1-chtoro-2-methyS propene as the starting alkene and continuing the 
20 rePluxIng for IB hours. 

The final named product was obtained in 68% yield. 



Example 6 



25 (+) Pfnanedtol 1»3-difarDmo propylborpnate 

Example 4 was repeated but using I.S-dlbromD propene as the starting aikene and continuing the reflux 
for only B hours. 

The final named product was obtained in 76% yield. 

30 Method B - Catalysed hycfrpboratlon of 14ialD-1>aykenBs by catecholborane 

Preparations 

lislng similar experimental procedures as in the preparations of Method A, the reactbn method was car- 
35 ried out according to the following equation: 
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In the presence of WHklnson^s cata!yst (0.05-0.5% mol equlv. as Indicated In Table 1 below for each Ex- 
ample), catecholborane (4Smmol. 5.4g) was added drcpwlse to the appropriate 1-haIo-1-alkene {3 iwnol) In 
benzene (5ml). using conventional techniques for handling afr sensitive material, and the mUture refluxed for 
a period as indicated in Table 1 below for each Example. The reaction mixture was left stbring at room tern- 
5 peiatura» and monitored by the disappearance of the olef Inic protons from the nmr spectrum, until the re- 
action vtfas complete. The desired product was isolated by distillation (using a Kugelrohr distlflatfon apparatus 
under vacuum) In quantitative yields as Indicated In Table 1 below for each Example. 

Examples 7-14 
10 - 

Compounds of the formula: 



wherein R*. R2 and X have the Identities shown in Table 1 below were prepared by the above preparative meth- 
od using analogous starting materials as for Examples 1 to 6. 
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TABLE 1 

5 
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Clafons 

1 . A pjocess for preparing a compound of i he formula 



10 



15 



20 



25 



55 




coihpilshg reacUng a substituted alkeno of the formula 




with a disubstttuted borane of the formula 




wherdn: 

(i) and R2 are the same or different and are each independently selected from any of the following 
groups: 

(bHCH2)^Gi 
(cHCHd.G^Ar 

- where is H, halogen, amino, amldino» Imidazole, guanidino or isothioureido; is a link- 
ing group derived from an amino, amidino, Imidazole, guanidlr^o or Isothioureido residue; n in any 
35 one or all of (a), (b) or (c) above Is an Integer of fiom 0 to 5, preferably from 0 or 1 to 4; and Ar Is 

-7 - phenyl, thienylrpyridyl, naphthyl, thbnaphthyN qulnolyi^ chromenyl, Indolyl or wholly or partially 

saturated groups corresponding to any of these, any of the foregoing groups being optionally sub- 
stituted with up to 8 groups selected from CpCa alkyi and C^-Ga alkoxy and optionally being bonded 
to G through a sulphonyl group; 
^ W)CrCaalkyl; 

(ej Cff-GiD aryi or alkylaryi 

-where any of said alkyl. aryl oralkylaryl groups are optionally substituted with up to 3 groups 
selected from -OH and CJ-C4 alkoxy; : 
or R' and R2 are as defined above but are linked together to form a cyclic structure; 
4S (0) X Is halogen, preferably a. Br, I or F, or other nudeof uge; 

(III) Y H or an alkyl, preferably CrC4 alkyi, group; and 

{Iv) Q< and are the same or different and are each Independently selected from any of the foliowing 
groups: 

- halogen; -02<; -NZ122; where Z' and Z2 are the same or different and are each Independently 
so selected fronrtCi-Cto alkyl, Cs or Gear yl or Ce-Cioalkylaryl; 

or and Q2 taken together represent a resMue of a diol or dIthioL 

2. A process according to dalm 1, wherein in the formula of the alkene Ri or R2 is -{OH:^^G and G Is halogen 
or optionally some other leaving group, but wherein n is not 0. 



3. - Aprocess according to dalm.! or dalm 2, wherein the said disubstttuted borane is non-hydrolyzable* 

4. A process according to claim 3, wherein In the definition of and the saki diol Is selected from cat- 
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echal, pinacol or pinanediof. 

5. A process according to any one of dalms 1 to 4, wherein the reaction Is carried out In an inert solvent 

^ 5. A process according to any one of claims I to 4» wherein the reaction Is carried out in the absence of an^ 
inert solvent 

7. A process according to any one of daims 1 to 6, wherein the reaction is carried out at a EemperatiH-e at 
which there is sutsstantially no decomposition of the reactants and the product 

• * - • • * 

8. A process according to claim 7» wherein the reaction temperature is In the range 40 to IZO'^C. 

9. A process according to claim 8, wherein the reaction temperature Is in the range 60 to HO'^C. 

1 0. A process according to any piBceding dalm, wherein the reaction Is carried out under irradiation with ul- 
IS trasound. 

11. A process for prepadng an a-substituted boronic acid, comprising: 

preparing an a-substltuted boronic ester In accordance with the process of any preceding ctaim; and 
hydrolysing the product of step to form an a-substituted boronic acid of the formula 

20 



25 




B(OH). 



wherein RS R^, X and Y are as defined above. 
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D, X EP-A^' 21^! 7dV (METALLQESELLSCHAFT AG) 
'* the vhola document * 



US-A-3 093 674 (SCHECHTER, tf.H.) 
the whole docunent * 
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